Two new boldine derivatives: the 3-thiocarbamateboldine (3) and the 2,9-O,O-diacetyl-3-thiocarbamateboldine (4) have been synthesized and their cytotoxicity evaluated.
Boldine, the major alkaloid of the Chilean boldo tree (Peumus boldus Molina, Monimiaceae), has been systematically studied due to its antioxidant, antiinflammatory and antipyretic activity [1] . The "neuroleptic-like" effect exerted by boldine and its (6aS)(+) congeners, as a consequence of their antagonistic action on dopaminergic D 1 and D 2 receptors, led to the synthesis of halogenated and/or O-methyl analogues of boldine [2] .
The methanolic leaf extract of Peumus boldus has cytotoxic activity on two human cancer cell lines, whereas boldine itself behaves as an intercalating agent [3, 4] . Despite the potential of this natural product, few derivatives of boldine have been prepared [5, 6] . This paper focuses on the preparation of two new sulphur derivatives by thiocyanation and the evaluation of their in vitro inhibitory effect on the growth of two breast cancer lines (MDA-MB-231, MCF-7) and one dermal human fibroblast cell line (DHZ) using the sulphorhodamine dye assay.
While several methods are available to prepare these derivatives [7, 8] , the procedure used, employed thiocyanogen (SCN) 2 generated in situ from the reaction of NH 4 SCN with bromine [9] .
The reaction of boldine (1) with thiocyanogen ( Figure 1 ) gave derivative 3 with a higher Rf in CHCl 3 : MeOH = 4 : 1 (0.56 compared to 0.46 for 1). Traditionally, [9] thiocyanation is carried out in glacial acetic acid and halogenation in trifluoroacetic acid, however, for the thiocyanation of boldine the use of an equal volume of both solvents increased the yield considerably. The 1 H-NMR spectrum of 3 lacks the H-3 proton signal at 6.61 ppm confirming substitution at the C-3 position, as in the monosubstituted halogen derivatives [2] . Infrared spectra showed characteristic absorptions at 3273 cm -1 (N-H stretch) and 1660 cm -1 (amide C=O), instead of at 2150 cm -1 (C≡N) as normally observed in aromatic thiocyanates demonstrating the hydration of the thiocyanate function. This conclusion is supported by the MS parent ion at m/z =402. No hydration was reported in the thiocyanation of N,N-dimethylaniline under similar conditions [9] . However the ice-water sulphuric acid treatment of aryl thiocyanates is known to produce hydration [10] .
The diacetyl derivative 4 (M + =486) was prepared for a more complete characterization of 3 and to obtain a product with higher lipophilicity that may lead to improved pharmacological applications. 13 C NMR and the 2D HSQC and HMBC experiments on 4 support the regioselectivity of the preparation of 3. The diacetyl derivative of boldine 2 was prepared in order to understand the effect of this protecting group on the pharmacological properties of the compound [11] .
The in vitro cytotoxicity of compounds 1-4 is shown in Figure 2 , where the viability of two tumor cell lines is expressed as % vs control vehicle (ethanol 1%) were plotted against micromolar concentrations. This property diminished at different concentrations (μM) for compounds 3 and 4. The effect of these compounds in fibroblast cells used for comparison is lesser than in the breast cancer cell lines under study. Compound 4 has a significant decrease (p<0.005) in the cellular viability versus boldine and control vehicle at concentrations of 25-100 µM on MCF-7 cells, however, the effect of compound 4 is higher on MDA-MB-231 cells acting at concentrations between 12.5 and 100 µM.
To quantify the cytotoxic effect of boldine (1) and its synthetic derivatives (2-4) the IC 50 value of each compound was measured (μM concentration of a compound that achieves 50% cellular growth reduction, after 72 hours of drugs exposure). Table 1 shows the IC 50 for compounds 3 and 4, compared to their corresponding unsubstituted compounds 1 and 2 for MCF-7, MDA-MB-231 breast cancer cells and DHZ fibroblast cell lines. The results indicate that substituted 3-thiocarbamate compounds 3 and 4 have a reduced IC 50 compared to the non-substituted compounds. Boldine (1) exhibited an IC 50 value greater than 100 µM for the human cancer cells examined. Compounds 2, 3 and 4 showed a cell growth inhibition activity comparable to that of boldine in DHZ fibroblast cells, while compound 4 was significantly (p<0.005) more cytotoxic than boldine to the breast cancer cell lines studied. The two thiocarbamates were characterized, and cytotoxic evaluation demonstrated viability at 100 μM drug concentration that diminished 80, 60 and 20 percent for compound 4 compared with boldine (1) in MCF-7, MDA-MB-231 and DHZ fibroblast cells, respectively. The IC 50 (μM) values were also significantly smaller for compound 4.
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Boldine (1) was extracted from Peumus Boldus Molina under an established procedure and 2,9-O,Odiacetylboldine (2) was prepared following the described [11] procedure. Both compounds were characterized ( 1 H-NMR) and compared to data previously reported [12, 13] . CH 2 Cl 2 was dried by refluxing over P 2 O 5 and distilled. All solvents and reagents were obtained from either Aldrich Chemical Co. or Merck and were used without further purification.
Synthesis of 3-thiocarbamateboldine (3):
To a stirred solution of 1.00 g of boldine•CHCl 3 (2.25 mmol) and 382 mg of NH 4 SCN (5.02 mmol) in 20 mL of a (1:1) mixture of glacial acetic acid : trifluoroacetic acid, was added dropwise a solution of 0.15 mL of Br 2 (2.93 mmol) in 5 mL of glacial acetic acid. During the addition, the temperature of the reaction was maintained below 20 °C with a water bath. The cooling bath was removed and the reaction mixture was stirred for 30 minutes at room temperature. The mixture was poured into cold water (100 mL), the pH of the aqueous solution was adjusted to 8-9 with concentrated NH 4 OH and extracted with CHCl 3 (3×40 mL). The organic fraction was dried over anhydrous Na 2 SO 4 and concentrated under reduced pressure. The raw product was chromatographed through a silica gel column (0.040-0.063 mm, Merck) eluting with CHCl 3 : MeOH = 98 : 2. The product was crystallized in CH 2 Cl 2 /ether. 
3-thiocarbamateboldine

Synthesis of 2,9-O,O-diacetyl derivatives (2 and 4):
To a suspension of 1.5 mmol of boldine•CHCl 3 or 3thiocarbamateboldine in 15 mL of dry CH 2 Cl 2 , was added 10 mg of DMAP (N,N-dimethylaminopyridine) and 3.0 mmol of acetic anhydride. The reaction mixture was stirred for 2 hours at room temperature, washed with water (3×40 mL), dried with anhydrous Na 2 SO 4 and concentrated under reduced pressure. The raw product was chromatographed through a silica gel column (0.040-0.063 mm, Merck) eluting with CHCl 3 : MeOH = 99 : 1. 
